Problem 2.1

7

Y'Y +y +y=0
Assume a solution of the form y = ¢**
(@ +a*+a+1)e*=0
= (*+a?+a+1)=0
ala+1)+(a+1)=0
(> +1)(a+1)=0

o = —1,4i is the solution. .y = Aje ™ + Aye™ + Aze ™ is the general sol of the
equation. Use initial conditions:

y(0)=0=A+A4,+A3=0
Y(0)=—1= —A| +iAy —iA3 = —1
y0)=2=A—A,—A3=2
Solving the above simultaneous equation gives A = 1,4y = —1/2,A3 = —1/2
Ly=et  (=1/2)e + (= 1/2)e
y=e ¥ —cosx

2.2 a) No this is not a linear equation since the term 1 — x? is not linear.
b)Approx for RHS for x << 1=

dx
282
B dt
c)
d*x

dx
e —28=
dr? T ﬁdt

Assume sol of the form y = e

a®—2Ba+1=0

a1

IfB<<1
a=p+i

The general solution is
x= A1 B 4 A, QB0

x(0)=0=A;+Ay =0=x=A,ePsin(r)
v(0) = 0.1 = A1 BePlsin(t) +A1eP cos(r) =0.1 = A, = 0.1



s.x=0.1eP sin(r)

exp(.01"x)"sin(x)
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For small t, x ~ .1(1 4 B1)r ~ 0.1 (expanding eP'and sin(r) to first order terms)

In(10)
B

x<<1=0.1ePsin(r) << 1 =1 <<

2.3 I d
y 2
Sy = -k
x(dx [xdx}) y
dy  d%
.X'a +x W =—k y

Assume sol of the form y = x”". Putting it in eqn
n(n—1)x"4nx" = —k*x"
n* = —k?
n==+tik
Therefore, . .
y=Ax* Ak
y :Aleln(xik) JrAzeln(x”‘k)
y :Aleikln(x) +A26—ikln(x)
y= (A1 +A;)cos(kln(x)) +i(A; —Az) sin(k1n(x))

s=ln(x)=x=¢

df _dxdf _ df _ df

ds  ds dx dx  Tdx



where f is an arbitrary function. Therefore the equation becomes,

dzy _

2
a2k

y = Assin(ks) + A4 cos(ks)
y =Ajzsin(kIn(x)) + A4 cos(kIn(x))
The solutions obtained are the same except for the arbitrary consts.

2.4 a)

Putting v(0) = vg gives ¢ = vy

dx
E = —gt =+ Vo
_of?
% +vot + >
Putting x(0) = 0 gives ¢c; =0
,th
X = T + Vv
b)Energy method: f(x) = —g
=U=gx

Put (0) = vg gives C =13/2

xX= [v% fng]%

Jaef it

3 —2g4]?

t:—(v%—ng)%é—&-C

Using x(0) = 0 gives C =
(g1 —v0)* =5 — 2gx

1
x:*gm@+bw



\ E =const

Problem 2.5 a)
1

1Wixx+1)

10 K 0 5 w The plot
isforUy=1&b =1
b) The potential energy is max at x = 0. If particle is able to reach x = 0. Then
from energy conservation

K.E(x=—o)4+PE(x=—c)=K.E(x=0)+PE(x=0)

m o Uy mv?  Upb?
2 S5m 2 b?
U,
2 0
2=——=
mv-/ 10

but v > 0. Therefore the particle can’t reach positive values of x. At the farthest
position on the right v = 0. Therefore from energy conservation

my(x = —e)? /2 =U(x)



Uy Upb®
10 X242
X2 +b> = 10b?
x=43b

Therefore x = —3b, as the particle can’t reach positive x values.

c)
au
dx
Upb?
F = m X Zx
2xUpb?
2+ b2

Putx = -7,

—14Uyb?
(494 b?%)?
The direction of the force is away from the origin.

2.6
du C

dx =~ X3

—C
U = 5 (Ignoring the constant)
2x

From energy conservation
29 < - =€
2x2 Zx%

o-[£(-3)]
iy

" x decreases with time. The ambiguity is because of the squareroot.

Usingx =xp atz =0 givesC=0
tforx=0



Dimensional Analysis: Dim of C = Force x L* = MI’T2m =M, xg =L

T =MLP(ML3T %)

m »
t=4/—=
\/ 0

Solving for a, b, c gives



